We study the stability under perturbations of a charged four dimensional stringy black hole arising from gauging a previously studied WZW model. We find that the black hole is stable only in the extremal case Q = M.
If string theory is to describe a quantum theory of gravity, it is certainly important to investigate what happens to it around singular backgrounds and how such backgrounds are generated. Addressing the first issue leads to the conclusion that in certain cases the propagation of strings through backgrounds which are singular in the sense of classical gravity, is followed by the excitation of an infinite number of modes of the string itself. [1] For what the second problem is concerned, black hole type singularities were first obtained by satisfying the equations of motion arising from the four dimensional low-energy Lagrangian, obtained from string theory, which describe the coupling of gravitational, dilatonic, Maxwell and antisymmetric fields. [2] Recently a new way to generate 2-D black hole backgrounds has been devised [3] gauging a WZW model built on a coset manifold.
The black holes obtained in Ref. 2 have been throughly analized in a recent series of papers.
[4] [5] Quite surprisingly, the black holes obtained in this fashion exhibit different thermodynamical properties from those obtained from general relativity. In some instances, for example, their scattering behaviour is more similar to that of an elementary particle than a thermal object. We now turn to the derivation of a four dimensional black hole following Ref. 7, 8 . The starting point of our analysis is the WZW action:
where the integrals are over the three manifold B and its boundary Σ. We now gauge a one dimensional subgroup H of the symmetry group, with action g → hgh −1 , and introduce the gauge field A i , whose gauge transformations are:
Raiten proposal follows by adding two free bosons x 1 and x 2 to the 2-d black hole of Ref. 3 , that is by letting G = SL(2, R) × R × R, and by modding out the translations in both x 1 and x 2 . Parametrizing SL(2, R) as:
the gauged WZW action which is invariant under (2) becomes:
where a sum over i = 1, 2 is assumed, and c 1 , c 2 are constants such that:
We then fix the gauge by setting a = ±b, depending on the sign of 1 − uv, and we choose to work in the ansatz:
By making the transformation of variables:
and integrating out the gauge fields, the WZW action finally turns out:
where g µν is the 4-d metric, B µν an antisymmetric tensor field, and
It is then almost straightforward to show that requiring the fields to be an extremum of the low energy effective action from string theory:
and redefining x 1 , x 2 coordinates as:
the final form of the fields is:
where H=d B. The field equations coming from this effective action are:
Let us now summarize the global structure of the above metric:
• Q > M. Contrary to the charged black holes of general relativity, in this regime our black hole exhibits neither a horizon nor a curvature singularity (naked singularity).
• Q < M. The solution has a curvature singularity and two Killing horizons:
an outer horizon at r = r + = M and an inner horizon at r = r − = Q 2 M . Opposed to the general relativity black hole the generator of time translations, remains space-like also for r < r − . As a consequence the manifold is time-like and light-like geodesically complete.
• Q = M. This is the extremal case in which r + = r − . With respect to the general relativity solution, we notice that the metric is boosted along the x direction.
⋆ Our equation (16) We now discuss the thermodynamics. The temperature and entropy of our black hole are:
where the coordinates x, y are now periodic: , independent of the charge.
In the extremal case the black hole under study has zero entropy and temperature while the classical gravity (string) solution has zero ( 
Using the Stefan-Boltzmann radiation law, this implies T M ≃ AT 4 . In the extremal limit T → 0 and the previous formula is satisfied independently of the value of the mass.
⋆ The authors of Ref.
2 consider also a model with a parameter a which interpolates between the classical gravity case (a = 0) and the string case (a = 1). The thermodynamical properties of the black hole under study are thus equivalent to the case 0 < a < 1.
Let us now study the perturbations of the metric field. We rewrite the metric as:
and let us take as an ansatz for the axial and polar perturbations a sufficiently general definition consistent with time-dependence and axial simmetry:
with x µ = (t, x, y, r). In view of our choice, the first order perturbations δf µ , χ µ are x independent.
We now have to compute the first order variation of the equation of motion 
= (0, χ 3 e −f3 , 0, −δf 3 e −f3 ).
The variation of the components of the energy-momentum tensor are:
δT (1)(3) = e −2f2 2r e −2f0−f1 Q r δH 320 + Q r 2 χ 3 + e f1 χ 23 ,
where:
After defining χ αβ= χ α,β − χ β,α , we are now ready to write all the perturbation equations at first order: 
− e −2f0 (δf 1 + δf 2 + δf 3 ) ,00 + 8r 2 k e 2f0+2f1 δf 0 ,22 + 8r
− re f1 (δf 1 + δf 3 ) ,02 + 1 2
− e f1 re f0 (δf 0 + δf 1 ) ,23 + 1 2
Following the ansatz (23) on the perturbations of the metric we shall divide our equations (35)- (51) into two sets which we will call axial and polar. The equations for the axial (polar) perturbations will contain only δH 1αβ , χ 0 , χ 2 , χ 3
(δH 320 , δf 0 , δf 1 , δf 2 , δf 3 , δΦ). The behaviour of the perturbations which is consistent with our previous ansatz is:
δf (r, t, y) = δf(r) · e iωt · e ipy , δχ(r, t, y) = δχ(r) · e iωt · e ipy .
Axial Perturbations
We now consider the equations for the axial perturbations only. From (49):
Deriving (35) 
Defining:χ
where X 1= 8 k e 2f0+f1 −3∂ r * f 1 . Introducing the "tortoise" coordinate
we get:
and:
The effective potential (57) is positive definite only for Q = M and it is plotted in Fig. 1 . In this limit:
In the extremal case the differential equation (56) has an essential singularity at r = M and a regular singularity at +∞. Y could be singular only in this two points. By studying the dominant behaviour of the solutions around the two singularities, we find:
• r * = +∞: Y = c 1 e From these condiderations it follows that | ∂Y ∂t | 2 is bounded.
